Abstract A rod-shaped, Gram-positive bacterial strain, designated C57-33, was isolated from the liver of the laboratory mouse strain C57Bl/6J and characterised by a polyphasic approach. 16S rRNA gene sequence similarity placed strain C57-33 in the genus Microbacterium with Microbacterium paraoxydans CF36
Introduction
The genus Microbacterium, as it was redefi ned by Takeuchi and Hatano [1] , encompasses a set of species, which share high 16S rRNA sequence similarities (>95 %) but exhibit several variations in chemotaxonomic traits such as peptidoglycan type and quinone system. For instance species of the genus contain a peptidoglycan based on lysine (B1α or B1β) or ornithine (B2α or B2β) and quinone systems with the major compounds MK-10 and MK-11, MK-11 and MK-12, MK-12, MK-12 and MK-13, MK-13 or MK-13 and MK-14 2 . This variability is remarkable because the two markers are considered to be quite conserved and similar differences among species of a single genus have been rarely reported. Recently, a study on house-keeping genes has identifi ed several clusters [3] the genus which at least in some cases are confi rmed by peptidoglycan types and quinone systems. Hence, analyses of peptidoglycan type and quinone is highly desirable in phenotyping of novel Microbacterium species.
In a study concerning the bacteriological biodiversity in the liver of different laboratory mice strains (C3H/He and C57Bl/6J), among others, a yellow-pigmented strain was isolated on sheep blood agar at 37°C under microaerobic conditions which was designated C57-33. In order to fi nd a taxonomic home for this strain it was analysed by a complex set of methods and compared to reference strains.
Materials and methods

Morphological and physiological characterization
Strain C57-33 was isolated from the liver of a laboratory mouse strain on sheep blood agar at 37 °C under microaerobic conditions as described recently [4, 5] . Colonies were subcultivated on PYES-agar (l -1 : 3 g yeast extract, 3 g peptone from casein, 2.3 g Na 2 -succinate, 15 g agar, pH 7.2) at 28 °C for 48 h. Cell morphology and motility were examined by phase-contrast microscopy (Leitz Diaplan) from cultures of different growth stages. Gram behaviour was tested by the KOH-lysis test [6] , the L-alanine-aminopeptidase test (Merck) and by staining as described by Smibert and Krieg [7] . Methods for physiological and biochemical characterization have been described recently [8, 9] . DNA extraction, 16S rDNA sequence analysis and rep-PCR Approximately two loops of biomass were scrapped off an agar plate, suspended in 100 μl sterile water and lysed by repeated cycles of freezing in liquid nitrogen and thawing at 50 °C. After centrifugation at 13000 rpm, 5 min between 1 and 3 μl of the supernatant were used as template DNA for PCR amplifi cation.
16S rDNA was amplifi ed by the polymerase chain reaction (PCR) using the universal primers 27f and 1492r [10] . The PCR reaction mix contained 2 μl dNTP mix (containing 10 mM of each dNTP), 10 μl 10x polymerase buffer (Finnzymes), 2 μl of each primer (300 ng/μl) and 10 μl DNA template and 73.5 μl sterile water. 0.5 μl (2 U/μl) Dynazyme polymerase (Finnzymes) was added after an initial denaturation step. Amplifi cation was carried out in a Primus 25 thermocycler (MWG-Biotech). The amplifi cation program consisted of an initial denaturation at 95 °C for 5 min, followed by 30 cycles of denaturation at 94 °C for 2 min, annealing at 40 °C for 1.5 min and elongation at 72 °C for 5 min. Amplifi cation products were mixed with equal volumes of PEG solution (3 M NaCl solution containing 24 % polyethylene glycol 6000), precipitated at 37°C for 10 minutes and recovered by centrifugation at 16500 rpm. for 1 h at 4°C [11] . Purifi ed PCR products were directly sequenced at the Service Department at the Vienna Biocenter (MIG-BASE) on a LI-COR 4000 L (LI-COR Inc., NE., USA), as outlined by Middendorf et al. [12] using the primers 27f and 1492r. The derived sequence was compared to corresponding sequences using FASTA [13] .
For ERIC-, BOX-and REP-PCR, which were carried out as described previously [14] , the following primers (100 pmol each) were employed: ERIC-PCR (ERIC1R: 5´-ATGTAAGCTCCTGGGGATTCAC-3´, ERIC2: 5´-AAGTAAGTGACTGGGGTGAGCG-3´), REP-PCR (REP1R-I: 5´-IIIICGICGICATCIGGC-3´, REP2-I: 5`-IC-GICTTATCIGGCCTAC-3´) and BOX-PCR (BOXA1R: 5´-CTACGGCAAGGCGACGCTGACG-3´). An initial denaturation step at 95 °C for 7 min was common to all PCRs, followed by 30 cycles of denaturation at 94°C for 1 min, annealing at 44 °C, 52 °C or 53 °C for 1 min for REP-, ERIC-or BOX-PCR, extension at 65 °C for 8 min and a fi nal extension step (65 °C for 16 min). Between 4 to 8μl of PCR product were separated by agarose gel electrophoresis at room temperature on 1.5 % agarose gels, stained with ethidium bromide and photographed on a UV transilluminator. Fingerprints were compared visually.
RiboPrinting
RiboPrinting was performed with the automated RiboPrinter ® Microbial Characterization System (QualiconDuPont) by using the restriction enzyme PvuII [15] . The band patterns were compared by using the BioNumerics software (version 3.0, Applied Maths). Clustering was carried out by the unweighted pair group method with arithmetic averages (UPGMA) based on the Pearson's correlation coeffi cient (optimization coeffi cient 1.2 %).
MALDI-TOF mass spectrometry
Sample preparation for matrix-assisted laser-desorption/ ionization time-of-fl ight mass spectrometry (MALDI-TOF MS) was carried out according to the ethanol/formic acid extraction protocol recommended by Bruker Daltonics (http://clinprot.bdal.de): approximately 10 mg biomass from agar cultures was suspended in 300 μl water by careful mixing. Then the suspension was mixed with 900 μl ethanol. The biomass was collected by centrifugation and the pellet was re-suspended in 50 μl 70 % formic acid. The suspension was mixed with 50 μl acetonitrile. Immediately after centrifugation, the supernatant was removed and aliquots of 1.5 μl were placed on the marked spots of a stainless-steel target plate. After air-drying 1.5 μl matrix solutions (saturated solution of α-cyano-hydroxy-cinnaminic acid in 50 % aqueous acetonitrile containing 2.5 % trifl uoroacetic acid) per spot were applied. MALDI-TOF MS was conducted using a Microfl ex L20 mass spectrometer (Bruker Daltonics) equipped with a N 2 laser. All spectra were recorded in linear, positive ion mode. The acceleration voltage was 20 kV. Spectra were collected as a sum of 500 shots across a spot. A mass range of 2000-20,000 m/z was used for analysis. Main spectra were calculated from 16 spectra per strain and used for construction of a score oriented dendrogram by using the BioTyper software (version 1.1, Bruker Daltonics).
Analysis of polar lipids, quinones, protein patterns, fatty acids and peptidoglycan Polar lipids and quinones were analysed as described by Ventosa et al. [16] and Tindall [17] . Cellular fatty acid methyl esters obtained from cells grown in Bacto tryptic soy broth at 28 °C by using the method of Stead et al. [18] were analysed by gas chromatography [19] . Analyses of the protein patterns were done as described previously [20] . Purifi ed cell wall preparations were obtained by the method of Schleifer and Kandler [21] and the amino acids and peptides in peptidoglycan hydrolysates were analysed as described previously [22] .
DNA-DNA hybridization DNA-DNA hybridizations were carried out following the method described by Ziemke et al. [23] .
Results and Discussion
Genomic analyses PCR-amplifi cation of the 16S rDNA of strain C57-33 resulted in a fragment of 1435 bases (positions 8 -1461, E. coli numbering [24] T were subjected to REP-, ERIC-and BOX-PCR but the resulting genomic fi ngerprints did not exhibit any band specifi c for all strains of M. paraoxydans including strain C57-33 (results not shown). However, this result is not surprising because these genomic fi ngerprinting techniques are often more suitable for detection of clonal relationships and our results indicate that these approaches in fact are more useful in studying the epidemiology of a particular strain. Also Riboprint analyses using PvuII revealed that the M. paraoxydans strains displayed strain-specifi c patterns though containing a common band at ca. 9 kb (Fig.  1) . However, a band of similar size was also detected in M. saperdae DSM 20169 T . Some similarities were observed in the patterns of strains CF128 and DSM 15021 (CF40) and in the patterns of strains CF34 and DSM 15020 (CF7), respectively. The strains DSM 15019 T (CF36 T ), CF130 and C57-33 were characterized by more individual band patterns.
Phenotyping
In order to examine phenotypic congruence of our isolate C57-33 with the other six strains M. paraoxydans [25] and to identify differentiating traits these strains and type strains of related species were sujected to chemotaxonomic and physiological characterisations.
Recent studies proved the usefulness of MALDI-TOF mass spectra for classifi cation and identifi cation of bacteria [26, 27] and demonstrated that MALDI-TOF MS is able to refl ect the phylogenetic relationship of microorganisms in agreement with results of sequence analyses of conservative genes [28] . The dendrogram constructed from main spectra of M. paraoxydans strains, of Microbacterium type strains clustering together with M. paraoxydans in a phylogenetic tree according to Schippers et al. [29] (Fig. 2) . This result confi rms that the six strains belong to the species M. paraoxydans and underpins the high potential of MALDI-TOF MS for classifi cation and identifi cation of microbacteria.
Microbacteria are well-known for their signifi cant variability among species [1, 2, 30, 31] whereas information on polar lipid profi les within the genus is limited. Since the description of M. paraoxydans is lacking information concerning quinone system and polar lipids four strains of M. paraoxydans (C57-33, CF36 T , CF7 and CF40) as well as type strains of related species were subjected to analysis for these chemotaxonomic traits. For complementation of the chemotaxonomic characterization strain C57-33 was 
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Microbacterium maritypicum DSM 12512 also subjected to analyses of peptidoglycan type and fatty acid profi le. C57-33 contained the major menaquinones MK-12 and MK-11 and minor amounts of menaquinones MK-13 and MK-10. Strains CF36 T , CF7 and CF40 showed unexpected highly similar quinone systems only slightly varying from the relative amounts detected in strain C57-33 (Table 1) . Re-investigation of the quinone systems of the type strains of M. oxydans, M. liquefaciens, M. saperdae and M. luteolum revealed some signifi cant differences in the relative amount of certain quinones which appeared to be useful for differentiation among each other and from M. paraoxydans as well (Table 1 ). This assumption needs to be confi rmed by analyses of additional strains of the reference species. However, these data indicate that the quinone system can be useful for differentiation between closely related Microbacterium species and the variation between different strains, as demonstrated for M. paraoxydans, appears to be rather limited when grown under identical conditions (medium composition, temperature). Thus, quinone analyses should be routiniously analysed in detail (% of the total), when novel species of the genus are described and not only as 'major' and 'minor' compounds.
Strains C57-33, CF36 T (Fig. 3A) (Fig. 3B ) the genus-specifi c lipids diphosphatidyl glycerol, phosphatidyl glycerol, one unknown glycolipid (GL1), an unknown phospholipid and three unidentifi ed polar lipids (Table 1) T . These results demonstrate that a detailed analysis of polar lipids can be useful for discrimination between closely related Microbacterium species.
The fatty acid profi le of C57-33 was predominated by the presence of ai-C 15:0 (50.8 %). Additionally, high amounts of i-C 16:0 (19.8 %) and ai-C 17:0 (19.1 %), moderate amounts of i-C 15:0 (6.0 %) and minor amounts of C 16:0 (2.0 %), i-C 17:0 (1.2 %) and i-C 14:0 (1.1 %) were detected in C57-33. This fatty acid profi le is in good accordance with cellular fatty acids of M. paraoxydans strains [25] .
The peptidoglycan of strain C57-33 contained glycolyl residues, ornithine (Orn), glycine (Gly), alanine (Ala), glutamic acid (Glu), hydroxyglutamic acid (Hyg) and homoserine (Hsr). From these data we concluded that the peptidoglycan type is B2β [21] T , CF7 and CF40 were subjected to analyses of quinone systems and polar lipid profi les.
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The type strain reacts negatively. All of the Microbacterium strains were positive in tests for catalase, decomposition of aesculin and acid production from D-fructose, D-galactose, D-glucose, maltose, D-mannose and sucrose and grew well from pH 5.0 to pH 9.0, in the temperature range from 15°C to 28°C and in the presence of 0 to 5 % NaCl (w/v). All strains were negative in tests for oxidase, indole formation and Voges-Proskauer, decomposition of tween 80 and acid production from D-sorbit. the peptide subunit (type B6; http://www.dsmz.de/species/ murein.htm). This feature is in agreement with the peptidoglycan type of representatives of M. paraoxydans [25] .
Analyses of the protein patterns obtained after SDS polyacryamide gel electrophoresis substantiated affilation of the seven M. paraoxydans strains C57-33, CF36 T , CF7, CF34, CF40, CF128 and CF130 to a single species (Fig. 4) .
Furthermore, the complete set of M. paraoxydans strains (C57-33, CF36 T , CF7, CF34, CF40, CF128 and CF130) were examined for physiological characteristics. Gram-behaviour in Gram-staining, KOH-test and aminopeptidasetest was positive. Other characteristic features of strain C57-33 and the M. paraoxydans strains CF36 T , CF7, CF34, CF40, CF128 and CF130 are summarised in Table 1 and in the emended species description below. Lack of any deviation from the physiological/biochemical profi le recorded for M. paraoxydans based on the examination of six strains confi rmed affi liation of strain C57-33 with this species.
From congruence in the quinone system, polar lipid and fatty acid profi les, protein patterns, physiological characteristics, clustering by MALDI-TOF mass spectra of cell extracts and DNA-DNA-relatedness it becomes evident that the isolate C57-33 is a strain of M. paraoxydans. Furthermore, our data demonstrate that in additon to the results provided by Laffi neur et al. [25] In addition to the properties given in the original species description, this species has the following characteristics. Growth is observed under aerobic and microaerobic conditions but no growth occurs anaerobically. Colony diameters on PYES-agar are 4-6 mm after 48 hours of incubation at 28 °C under aerobic conditions. The temperature range for growth on PYES-agar is 15 °C to 42 °C, with optimal growth between 25 °C and 37 °C; no growth at 4 °C. Additional new physiological and biochemical traits are listed in Table 1 . The polar lipid profi le is composed of diphosphatidyl glycerol, phosphatidyl glycerol, two unknown glycolipids, one unknown phospholipid and four unidentifi ed polar lipids. The principle menaquinones are MK-12 (52-57%) and MK-11 (31-36%); MK-13 (4-10%) and MK-10 (3-7%) are present in minor amounts. The peptidoglycan type is B2ß containing the amino acids D-ornithine, glycine, alanine, glutamic acid, hydroxyglutamic acid and homoserine. Muramic acid residues are glycolylated.
Isolated from various human body sites and from the liver of a laboratory mouse. The type strain is CF36 T 
